Introduction
Colorectal cancer remains one of the most common causes of cancer death in Japan, where it accounts for the greatest number of deaths from malignant neoplasms in women and the third greatest number in men [1] . Whereas TNM stage has been widely used in colorectal cancer, it fails to clearly distinguish patients who will survive long-term from those with poor outcome after potentially curative surgery [2] . In particular, there is considerable interest in identifying those patients with TNM stage II disease who are at high risk of developing recurrence and subsequently dying of their disease, as they may be suitable for adjuvant chemotherapy [3] . Therefore, there remains a continuing need to identify clinically relevant factors that would improve the prediction of survival in patients undergoing potentially curative surgery for colorectal cancer [2] . It has long been recognized that low circulating albumin concentrations before surgery are associated with poor outcome in patients with colorectal cancer [4] [5] [6] . It has also been shown that elevated circulating C-reactive protein (CRP) concentrations before surgery are associated with poor outcome after resection for colorectal cancer [7] [8] [9] . It is therefore of interest that the combination of hypoalbuminemia and an elevated CRP, as in the Glasgow Prognostic Score (GPS), has been reported to be useful for providing additional prognostic information in patients with advanced cancer [2, 10, 11] . However, there are few reports about the prognostic value of this combination in primary operable colorectal cancer. In this study, we investigated the significance of GPS as a prognostic factor in patients with colorectal cancer.
Methods

Patient Selection
We retrospectively reviewed the database of 166 patients with stage II (TNM classification, ed 7 [12] ) and 200 patients with stage III who had undergone curative surgery for colorectal cancer at our Department between 1999 and 2004. None of these patients had received preoperative chemotherapy or radiation therapy. Cases of emergency operation due to perforation and ileus, bowel obstruction requiring transnasal or transanal drainage, other inflammatory morbidities such as collagen-vascular disease, and patients that died because of noncancer-related causes were excluded from this study. The median follow-up period for survivors was 70.8 months.
About GPS
We used laboratory data on admission to calculate GPS. GPS was estimated as described previously [2] . Briefly, GPS consists of the combination of an elevated CRP (>10 mg/l) and hypoalbuminemia (35 g/l). Patients with both abnormalities were given a score of 2, and they were placed in the high GPS group. Patients that demonstrated only one or none of these abnormalities were given a score of 1 or 0, respectively, and were placed in the low GPS group.
Clinicopathological Analysis
Clinicopathological factors such as gender (male/female), age ( ≤ 70/71 ≤ ), location (colon/rectum), invasion depth (TNM classification, ed 7: T1-T3/T4), differentiation (well-differentiated adenocarcinoma/other), presence of lymphatic invasion (-/+), degree of lymphatic invasion (none-mild/moderate-severe), presence of venous invasion (-/+), degree of venous invasion (none-mild/moderate-severe), preoperative serum carcinoembryonic antigen, number of dissected lymph nodes (<12/12 ≤ ), number of metastatic lymph nodes, residual tumor (R0: no residual tumor/R1: no residual tumor; however, tumor is suspected at the resection margin), postoperative adjuvant chemotherapy (-/+), GPS (low/high) and survival data were analyzed to determine prognostic factors related to cancer-specific survival.
Pathological Examination
All specimens were examined in the following manner. After resection of the primary tumor, the excised specimen was opened on the antimesenteric side by the surgeon. The surgeon identified the lymph nodes, isolated them, and recorded both their number and distribution. After formalin fixation, the specimens and lymph nodes were examined by the pathologist.
Postoperative Adjuvant Chemotherapy
The eligibility criteria in this study included high-risk stage II or stage III colorectal cancer. Stage II colorectal cancers with serosa invasion or lymphatic/venous invasion were defined as the high-risk stage II patients. Patient criteria included an Eastern Cooperative Oncology Group performance status of 0-2. Additionally, patients had to have no serious or uncontrolled comorbidities. Patients received 5-FU drugs orally for more than 6 months.
Statistical Analysis
Discrete variables were compared using Fisher's exact probability test, and continuous variables were compared using the Mann-Whitney U test. Clinicopathological factors, for which there was a significant difference in the univariate analysis, were used as covariables for the multivariate analysis. For the multivariate analysis, the Cox proportional-hazard model was used, with the hazard ratio as a measure of association by applying a stepwise procedure. The survival rate was calculated using the Kaplan-Meier method, and univariate analyses were performed using the logrank test. Data were analyzed statistically using JMP 9.0.2 software (SAS Institute Inc., Cary, N.C., USA). Differences were considered statistically significant at p < 0.05. Values are expressed as median (range).
Results
Comparisons of clinicopathological factors between the high GPS group and the low GPS group are shown in table 1 . We discovered there were two factors that affected GPS levels. In terms of age, the high GPS group was significantly higher than the low GPS group (p = 0.02). And, there was a tendency toward a higher proportion of invasion depth T4 in the high GPS group compared with the low GPS group (p = 0.08). However, there was no significant difference in other clinicopathological factors. Table 2 shows the relationship between the clinicopathological factors and cancer-specific survival. On univariate analyses, there were significant differences in tumor invasion depth (p < 0.0001), the degree of lymphatic invasion (p < 0.0001), the degree of venous invasion (p = 0.0003), the number of metastatic lymph nodes (p < 0.0001), residual tumor (p = 0.0001) and GPS (p = 0.0002). On multivariate analyses using these clinicopathological factors that had significant differences in univariate analyses, tumor invasion depth (HR: 4.06, 95% confidence interval, CI: 1.54-10.72, p = 0.005), de-gree of lymphatic invasion (HR: 2.03, 95% CI: 1.14-3.60, p = 0.02), number of metastatic lymph nodes (HR: 1.15, 95% CI: 1.09-1.21, p < 0.0001) and GPS (HR: 3.09, 95% CI: 1.65-5.79, p = 0.0004) were associated significantly with cancer-specific survival. Kaplan-Meier analysis demonstrated a significant difference between the low GPS group (5-year cancer-specific survival: 84.0%) and the high GPS group (5-year cancer-specific survival: 57.6%; p = 0.0002; fig. 1 ). Moreover, comparing cancerspecific survival between the high GPS group and the low 
Discussion
The GPS, a combination of sensitive (CRP) and insensitive (albumin) acute-phase proteins, has a number of advantages compared with other biological markers that are considered to have prognostic value [2] . Primarily, GPS can be estimated by both CRP and albumin, which are simple and standard reliable laboratory measurements. Therefore, it is likely that the GPS would be useful in the routine assessment of patients with primary operable colorectal cancer [2] . The results of this study also showed that the combination of an elevated CRP concentration and hypoalbuminemia (GPS) was associated with cancer-specific survival after potentially curative resection in patients with colorectal cancer. The results of the present study in patients with primary operable colorectal cancer are consistent with the prognostic value of the GPS previously reported in patients with advanced colorectal cancer [2, 10, 11] . Moreover, in this study, GPS was predictive of cancer-specific survival in patients with stage II colorectal cancer. However, in patients with stage III, GPS was not a predictive factor for cancer-specific survival. McMillan et al. [2] also reported a similar result that GPS was predictive of cancerspecific survival in patients with stage II. It was of interest that, in this study, elevated GPS before surgery was not associated with TNM stage. McMillan et al. [2] also described that the prognostic value of preoperative GPS was independent of TNM stage. On the other hand, it was reported that TNM stage showed a close relationship with GPS in patients with all stages including stage IV [10] . The reason GPS was not a predictive factor for cancer-specific survival in patients with stage III should be considered. Because stage III appears at the advanced stage of colorectal cancer, cancer-specific survival will be low regardless of GPS.
The mechanism by which GPS might reflect cancerspecific survival is not clear. However, it is believed that systemic inflammatory response-related factors reflect the tumor microenvironment, including tumor versus host interaction, and are regarded as host-related factors induced by the tumor [13] . Several studies have also revealed that cancer promotes the release of proinflammatory cytokines from tumor cells [14] or the immunovascular system [15] , and that a close relationship exists between inflammation and cancer. In addition, increased CRP levels in patients with cancer could also be caused by an inflammatory response to tumor infiltration or the microenvironment of a tumor infiltrated by lymphocytes [16] , reflecting immunoreactive processes. Indeed, there is increasing evidence that high serum CRP level also correlated with shorter survival in pa- tients with colorectal cancer [17] [18] [19] . Similarly, it is estimated that low albumin levels are associated with a significantly decreased survival time because low albumin level likely reflects some type of systemic compromise [20] . The results of this study indicate that GPS, which reflects both the contribution of the tumor and the host response, differentiates between low-and high-risk stage II in patients undergoing curative resection for colorectal cancer. In this study, there were few patients with high GPS in stage II. Cancer-specific survival among patients with high GPS in stage II was worse than that among patients with low or high GPS in stage III. Therefore, GPS may be useful in identifying high-risk stage II patients that are suitable for adjuvant therapy.
Conclusions
The results of this study indicate that GPS is predictive of cancer-specific survival among patients with stage II undergoing curative resection for colorectal cancer. Therefore, GPS may be useful in identifying high-risk stage II patients that are suitable for adjuvant therapy.
